A new aromatic compound 3,4,5-trimethoxyphenyl-1-O-(4-sulfo)-β-D-glucopyranoside (1), in addition to two triterpenoid saponins (chebuloside II, arjunoglucoside II), two triterpenes (arjunolic acid and 3-betulinic acid) and sitosterol-3-O-β-D-glucopyranoside have been isolated from the barks of Terminalia catappa. Their structures have been established on the basis of spectroscopic techniques (1D/2D NMR) and MS. Their cytotoxicity and antiinflammatory activity, together with the antioxidant capacity of compound 1 were also evaluated.
Plants of the genus Terminalia (Combretaceae) are known as a rich source of secondary metabolites, such as pentacyclic triterpenes and their glycoside derivatives [1a,b,c] , flavonoids [1b,2] and other aromatic compounds [3] , some of them with antimicrobial [4a] , antifungal [4b] , and anticancer activities [4c] . T.catappa L. is a 20-25 m high tree distributed in the central and west African region. The barks are used in traditional medicine as a remedy for gonorrhea, leucorrhea, fever, and nausea in San Diego, diarrhea in Brazil, and rheumatism in Indonesia. In continuing our search for new biologically active compounds from the genus Terminalia [4a] , we investigated the chemical constituents of T. catappa. This paper reports the isolation and structure elucidation of a new aromatic compound (1) (Figure 1 ) from the stem barks of T. catappa. Furthermore, five known compounds were also isolated and characterized by 2D NMR experiments. These compounds, which are widely distributed in the genus Terminalia, are chebuloside II [1d] (terminolic acid 28-O-glucopyranoside), arjunoglucoside II [1b] (arjunolic acid-28-O-glucopyranoside), arjunolic acid [1b,d], betulinic acid [4b] and sitosterol-3-O-β-Dglucopyranoside [1e]. Arjunolic acid and sitosterol-3-O-β-Dglucopyranoside were found in the leaves. Compound 1, chebuloside II, arjunoglucoside II, and arjunolic acid have been tested for their cytotoxic and anti-inflammatory potential. The antioxidant capacity of compound 1 was also tested.
Compound 1 was isolated as yellow amorphous powder. The monosaccharide obtained by acid hydrolysis was identified by comparison on TLC with authentic samples as glucose. The absolute configuration was determined by GC analysis [5a] to be D. Compound 1 exhibited in its HR-ESI-MS a quasi-molecular ion peak at m/z 449.0734 [M + Na] + (calcd. 449.0730) compatible with the molecular formula C 15 H 22 O 12 S, suggesting the presence of a sulfate group in the molecule. The ESIMS (negative-ion mode) of 1 exhibited a quasi-molecular ion peak at m/z 425 [M-H] -, indicating a molecular weight of 426. The 1 H NMR spectrum showed a singlet (3 H) corresponding to one methoxy group. The HMBC spectrum exhibited correlations between the proton signal at δ H 3.69 and the two symmetric quaternary aromatic carbons at δ C 153.7, between the proton signal at δ H 3.73 and the quaternary aromatic carbon at δ C 133.5 and between the proton signal at δ H 6.68 and the quaternary carbons at δ C 133.5, 153.7 and 154.7. Furthermore, the anomeric proton signal at δ H 5.41 showed an HMBC cross peak with the aromatic carbon NPC Natural Product Communications 2015 Vol. 10 No. 6 1005 -1007 1006 Natural Product Communications Vol. 10 (6) 2015 Pertuit et al.
signal at δ H 154.7. These investigations allowed the identification of 3,4,5-trimethoxyphenyl [6] as the aglycon. The presence of one sugar moiety was evidenced by the 1 H NMR spectrum which displayed one anomeric proton at δ H 5.41 (1H, d, J = 8.1 Hz) giving correlation with one carbon at δ C 102.0 in the HSQC spectrum. Complete assignments were achieved by extensive 1D and 2D NMR analyses, allowing the identification of one β-glucopyranosyl unit. The downfield shifts in the value of the Glc-4 position at δ H /δ C 5.10/76.5 suggested the sulfate group to be linked at Glc-4. Furthermore, the NOESY cross peak between the anomeric proton signal at δ H 5.41 (Glc H-1') and the aromatic protons at δ H 6.68 (Agly H-2, H-6) proved the glucopyranosyl to be linked at position 1 of the aglycon. The absolute D configuration of the β-glucuropyranosyl unit was determined by GC (see experimental). Thus, the structure of compound 1 was elucidated as the new 3,4,5trimethoxyphenyl-1-O-(4-sulfo)-β-D-glucopyranoside.
Compound 1, chebuloside II, arjunoglucoside II, and arjunolic acid were evaluated for their cytotoxicity against one human cancer cell line SW480 (colorectal adenocarcinoma) and one mouse cancer cell line (mammary EMT6) using the XTT assay [5b] with etoposide and methotrexate as reference drugs. The IC 50 was 20 μM for etoposide and methotrexate on SW480, 24 μM for etoposide and 0.4 μM for methotrexate on EMT6. The test compounds were inactive (IC 50 ≥ 20μM). The same compounds were evaluated for their antiinflammatory activity by determination of the modulation of IL-1β production. LPS induced a 30-fold higher IL-1β production than control (330 pg/mL compared with 25 pg/mL). None of the tested compounds modulated the production of IL-1β (between 200 and 400 pg/mL) by LPS-stimulated blood mononuclear cells in comparison with untreated LPS-stimulated cells. Furthermore, the antioxidant capacity of compound 1 was tested using the oxygen radical absorbing capacity (ORAC) procedure. Compound 1 showed a value of 105435±3574 µmol eq. Trolox/100 g, which is a promising result. Selected food containing antioxidant materials were tested and values obtained were 131420 µmol eq. Trolox/100g for cinnamon and 127068 for turmeric [10] .
In conclusion, we isolated a new aromatic glycoside from the bark of T.catappa (1), with an aglycon (3,4,5-trimethoxyphenyl) which is encountered for the first time in the Combretaceae family. A literature survey revealed that the four known triterpenoids were widespread in the family Combretaceae and especially the genus Terminalia. Chebuloside II [1a,d, 4b, 7a ] and its genin (terminolic acid) [1a, 7b,c] , arjunoglucoside II [1a,b, 4b, 7a, 8a,c,d] , arjunolic acid [1a,b,c, 4a, 7b, 8c ,e,f,g,h,i] and betulinic acid [1b,c, 4b, 8c,f, 9a,b,c,d,e,f], just to mention a few references. None of the tested compounds showed any cytotoxicity or anti-inflammatory activity, but compound 1 had a good antioxidant capacity. 
Plant material:
The stem barks of Terminalia catappa were collected in the region of Dumbea (Noumea) in 1999 and identified by one of us (MALD). The voucher specimen (N° 20141015) has been deposited in the herbarium of the Laboratory of Pharmacognosy, Burgundy University.
Extraction and isolation:
Dried powdered stem barks of T.catappa (300 g) were extracted by reflux with EtOH:H 2 O 70:30 (3×2 L). After evaporation of the solvents under vacuum, the residue (2×15 g) was subjected to VLC over normal silica gel (CHCl 3 -MeOH-H 2 O, 60:32:7 each 150 mL) to give 6 fractions (F 1 to F 6 ). F 1 and F 2 were combined (1.8g, F 1 ) and submitted to CC on Sephadex LH-20 to give 8 fractions (F 1-1 to F 1-8 ). F 1-4 (80 mg) was purified by MPLC on reverse-phase silica gel RP-18, MeOH-H 2 O (30% to 80%) to give 3 fractions F 1-4-1 to F 1-4-3 . F 1-4-1 (49 mg) was purified by MPLC on silica gel 60 (CHCl 3 -MeOH-H 2 O, 70:30:5) to give 5 fractions (F 1-4-1-1 to F 1-4-1-5 ). Finally, F 1-4-1-3 (17 mg) was purified by MPLC on reverse-phase silica gel RP-18 (30% to 70%) to give 1 (5 mg). Dried powdered leaves were also extracted and submitted to successive MPLC to give arjunolic acid and sitosterol-3-O-β-Dglucopyranoside.
3,4,5-Trimethoxyphenyl-1-O-(4-sulfo)-β-D-glucopyranoside (1)
Yellow amorphous powder.
[α] D : +25.2 (c 0.11, MeOH). 1 H and 13 C NMR (pyridine-d 5 ): Table 1 
Acid hydrolysis and GC analysis:
Compound 1 (3 mg) was hydrolyzed with 2 N aq. CF 3 COOH (5 mL) for 3 h at 95°C. After extraction with CH 2 Cl 2 (3×5 mL), the aq. layer was repeatedly evaporated to dryness with MeOH until neutral, and then analyzed by TLC on silica gel (CHCl 3 -MeOH-H 2 O, 8:5:1) by comparison with authentic samples. The trimethylsilylthiazolidine derivative of the sugar residue of the compound was prepared and analyzed by GC [5a] . The absolute configuration was determined by comparing the retention times with thiazolidine derivatives prepared in a similar way from standard sugars (Sigma-Aldrich).
XTT cytotoxicity assay:
Compound 1, chebuloside II, arjunoglucoside II, and arjunolic acid were tested for cytotoxicity against one human cancer cell line, SW480 (colorectal adenocarcinoma), and one mouse cancer cell lines (mammary EMT6), by means of the XTT method, as described in the literature [5b] . The cell lines were provided by the Cohiro company, Dijon, France.
Anti-inflammatory activity: PBMC (Peripheral Blood Mononuclear
Cells) were obtained from human buffy coat from healthy donors (Etablissement Français du Sang). The separation of PBMC was made by centrifugation on Ficoll (density 1.077 g/mL). Opalescent ring with PBMC was recovered. Cells were washed 3 times with PBS medium by centrifugation at 4°C. 10 5 cells were seeded in each well (96-well plate) in the medium RPMI + 10% fetal calf serum + 1% glutamine + antibiotic cocktail. Cell treatment with compounds and cell stimulation with LPS was made at seeding (10 ng/mL of lipopolysaccharide extract from Escherichia coli; LPS 0128:B12). Mother solutions of compounds were prepared just before use in 100% DMSO before dilution in the culture medium. Two antiinflammatory internal references were tested: ZVAD 5µM
Chemical constituents from from the stem barks of Terminalia catappa Natural Product Communications Vol. 10 (6) 2015 1007 (inhibitor of NLRP3 inflammasome by inhibition of caspase activity) and PRED 100 µM (prednisolone). Cell culture supernatants were recovered 21h after initiation of culture and immediately frozen at -20°C. IL-1β dosage was made by ELISA technique according to the technical sheet of the kit provider. The test was validated by the activity of 2 control drugs ZVAD and prednisolone, which prevent the increase in IL-1β production (85 pg/mL and 57 pg/mL, respectively compared with 330 pg/mL in the presence of LPS).
Oxygen radical absorbance capacity (ORAC) assay:
The antioxidant scavenging activity of the compound was evaluated by oxygen radical absorbance capacity (ORAC) miniaturized assay adapted from Cao et al. [11] . Fluorescence decay of allophycocyanin (APC, Sigma) due to a peroxyl radical generator (AAPH, 2,2-azobis(2-amidinopropane)-4-hydrochloride, Sigma) was measured in triplicate, over time, with excitation and emission settings of 620 and 665 nm, respectively, using a a microplate reader Infinite M200 Pro (TECAN). Trolox 5, 7, Sigma) , a water-soluble tocopherol analog, was used as the antioxidant reference. The ORAC value was calculated using the net area under the decay curve and was expressed as µmol of Trolox equivalent (TE) / 100g.
